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FPGASolve

The FPGASolve project is designed to speed
up the power flow solution using hardware
acceleration, and to configure a radial
distribution system for optimal losses.

Why is it needed?

Strictly software power flow solvers are relatively slow, especially when
there are many buses in the system

This problem is compounded when attempting to obtain the optimal
network configuration, because the power flow must be run many times.

Hardware accelerator can speed up the solution of the sparse Jacobian
matrix.



Requirements

|ldentify the bottleneck of the current power flow analysis
methods

Hardware and software will be able to communicate with
each other concurrently

Software will run in-depth Newton-Raphson method solution

Hardware will take inputs from software to complete Newton-
Raphson method computations

To improve runtime dramatically over pure software based
computations

Optimize radial distribution system using power solution.



Required Data

Bus Data

Bus Number

Bus Classification
Voltage Magnitude
Voltage angle

Load Power

Load Reactance
Power Generated
Reactance Generated
Minimum Reactance
Maximum Reactance
Injected Shunt Reactance

Line Data

Line Destinations (Parent Child
Relation)

Line resistance

Line Reactance

Line Susceptance

Tap Setting

Line Number

If Line is “On” or “Off”



Calculating Jacobian Matrix

ne Jacobian is the
ix equation of the
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Newton Raphson Power Flow
Solution Flowchart

Calculate the Bus
Admatance Matrix (using
Line Data)

Calcuiate the Jacoban
(using Bus Data and
Admittance Matrix)

Use the Newton-Raphson
Iterative Method and the
Jacoblan 10 solve
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Calculate the total system
losses from the Newton.
Raphson solution




Compressed Sparse Row Matrix
Conversion

* The FPGA requires the Jacobian to be in this
form in order to eliminate the zero elements

of the Jacobian, that would make the Jacobian
to large to handle.




onv Sub-Routine
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hart of CSRConv Sub-Routine
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Jacobi Method
Architecture of SpMatJacobi

Check Convergence criteria
BINARY TREE ‘Ld’:
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Binary tree based Multiply
Accumulate Unit

Row is divided into multiple packets of same size
and each packet is then supplied sequentially.

ROW = 2 4 5 6 10 12 -5
Packetl = 2 4 5 6
Packet2 = 10 12 5 0

Zero is added to the last packet if not fully filled.



Divide Operation

Since Division is time consuming, it is divided into 3
steps to reduce computation time.

1) Calculate the reciprocal of aii
2) Calculate the numerator b - Zax
3) Multiply the results obtained from steps 1 and 2.

Since Steps 1 and 2 can be performed simultaneously it
reduces the overall computation time in finding x.



Control Unit




Partial Result Accumulator
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Async Transmitter Async Receiver
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Azync Transm Azwnc Receiver

always @(posedge clk)

case(state) always @ (posedge clk)

if(Baud8Tick)

4'b0000: if(TxD_start) state <= 4'b0001;
case(state)

4'b0001: if(BaudTick) state <= 4'b0100;
4'b0100: if(BaudTick) state <= 4'b1000; // start
4'b1000: if(BaudTick) state <= 4'b1001; // bit 0
4'b1001: if(BaudTick) state <= 4'b1010; // bit 1
4'b1010: if(BaudTick) state <= 4'b1011; // bit 2
4'b1011: if(BaudTick) state <= 4'b1100; // bit 3
4'b1100: if(BaudTick) state <= 4'b1101; // bit 4
4'b1101: if(BaudTick) state <= 4'b1110; // bit5
4'p1110: if(BaudTick) state <= 4'b1111; // bit 6
4'b1111: if(BaudTick) state <= 4'b0010; // bit 7
4'b0010: if(BaudTick) state <= 4'b0011; //

4'b0000: if(RXD_bit_inv) state <= 4'b1000; //
start bit found?

4'b1000: if(next_bit) state <= 4'b1001; // bit 0
4'b1001: if(next_bit) state <= 4'b1010; // bit 1
4'b1010: if(next_bit) state <= 4'b1011; // bit 2
4'b1011: if(next_bit) state <= 4'b1100; // bit 3
4'b1100: if(next_bit) state <= 4'b1101; // bit 4
4'b1101: if(next_bit) state <= 4'b1110; // bit5
4'h1110: if(next_bit) state <= 4'b1111; // bit 6
4'b1111: if(next_bit) state <= 4'b0001; // bit 7
4'p0001: if(next_bit) state <= 4'b0000; // stop bit
default: state <= 4'b0000;

4'b0011: if(BaudTick) state <= 4'b0000; //
endcase

default: if(BaudTick) state <= 4'b0000;




Result of 1 Iteration on FPGA
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Communication Between MATLAB and FPGA

— There were several options for serial communications that we had to choose from.
e RS-232
— RS-232 was the favored form of communication by our advisor and is
relatively simple to implement.
— RS-232 is a common form of communication that is on most computers.
* USB Communication

— This form of communication is not meant for transmitting large amounts of
data, due to the fact that some of the data can be lost in the communication
process.

* Ethernet

— Ethernet is a fast form of communication but complex to implement, and was
not favored by our advisor.

* File Writing
— We had originally planned on file writing back and forth between the FPGA
and MATLAB with the TEXTIO command in VHDL. After trying to do this we
found out that TEXTIO is only for simulation purposes and cannot be
synthesized on the FPGA.



etwork Reconfiguration Flowchart
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Input Data

Line Data
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Original Configuration

Original losse
9.889 MW




Optimized Configuration




Problems Encountered and Lessons
Learned

*  UART not sending correct data
— Our UART was sending incorrect values ( i.e. 3 sent and 3.624 received or ASCII characters received)

* RS-232is arelatively slow form of communication
— It takes several seconds to send one data set through RS-232.
— We needed the communication to be much faster to speed up the power flow solution

. Asdf
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Future Work

* Mount FPGA on the same board as the
processor, to allow for direct communication.

— Without RS-232 the communication time can be
cut down drastically.

e Take real world inputs (i.e. CT and VT inputs)

and substitute them in the bus data and
breaker data.

* Make a test board to test the optimization
option of the project.



Summary

 QOverall goal: Decrease the time it takes to run the

Newton-Raphson power flow solution for pure
software and optimize a radial distribution system.

Problems with the speed of RS-232 communication
makes the initial goal of hardware acceleration
unachievable given the constraints of the project.
Future Work

— Mounting FPGA on processor board

— Using real world inputs

— Testing in real world situations



